Background: Hypoxia-induced p53 is transcriptionally inactive, and its molecular conformation and functional status in hypoxic tumors are unknown. Results: WT p53 exists in mutant conformation in hypoxic tumors, and its conformation is oxygen-dependent. WT p53 functions as a molecular chaperone. Conclusion: WT p53 chaperones and rescues mutant p53 in hypoxic tumors. Significance: p53 chaperone therapy causes regression of hypoxic tumor xenografts through WT p53 chaperone activity.
Mutant (Mt) p53 abrogates tumor suppression functions of wild-type (WT) p53 through mutant-specific, gain-of-function effects, and patients bearing Mt p53 are chemoresistant. The dominant negative effect of p53 mutants results from their aggregation propensity which causes co-aggregation of WT p53. We explored the mechanism of p53 inactivation in hypoxia and hypothesized whether WT p53 could rescue Mt p53 in hypoxic tumors. WT p53 exists in mutant conformation in hypoxic core of MCF-7 solid tumors, and its conformation is oxygen-dependent. Under simulated hypoxia in cells, WT p53 undergoes conformational change in acquiring mutant conformation. An in vivo chaperone assay shows that WT p53 functions as a molecular chaperone in rescuing conformational and structural p53 mutants in cancer cells both at the transcription and proteome levels. WT p53 chaperone therapy is further shown to cause significant regression of tumor xenografts through reconversion of the mutant phenotype to wild-type p53. The chaperone function of WT p53 is directly linked to the induction of apoptosis in both cancer cells and tumor xenografts. As oncogenic p53 mutants are linked to chemoresistance in hypoxic tumors, p53 chaperone therapy will introduce new dimensions to existing cancer therapeutics. We propose that in cancer cells, WT p53 chaperoning may either exist as a cellular event to potentially reverse the dominant negative effect of its oncogenic mutants or to stabilize yet unidentified factors.
Loss of the p53 gene or missense mutations that cause impairment of its transcriptional activity have been described in many tumors and are associated with inefficient DNA repair, genomic instability, reduced apoptosis, and, hence, increased oncogenicity. Hypoxia induces apoptosis in vitro; however, it fails to do so in solid tumors thus causing chemoresistance (1) .
In hypoxia, transcriptionally inactive p53 accumulates in both the cytoplasm and nucleus (2, 3) without the induction of its target genes (4 -6) , which could be due to post-transcriptional mechanism (3) or secondary effects such as acidosis caused by the hypoxic Pasteur effect (7); additional factors may also be involved (8) . The introduction of WT p53 into tumor cells results in tumor regression (9 -13) through enhancement of apoptosis (14) although the molecular mechanism of p53-induced effect is unknown. Structural p53 mutants are shown to inactivate the wild-type allele (15) , and their dominant negative capacity and gain-of-function effect result from their aggregation propensity that causes co-aggregation of WT p53 (16) .
In this study we have established a novel function of WT p53 that rescues mutant (Mt) 2 p53 in hypoxia. The inactivation of p53 in hypoxia is due its change in conformation which is oxygen-dependent. Introduction of WT p53 into a hypoxic tumor further causes regression of tumor thus suggesting that p53 chaperone therapy might be an integral part of cancer therapy protocol in the future.
MATERIALS AND METHODS
Cell Culture, Antibodies, and Transfections-MCF-7, HepG2, WRO, A-431, and DU-145 cells lines were obtained from National Center for Cell Sciences (Pune, India). H1299 cells with stable transfection of p53-CFP (p53-CFP H1299) were a gift from Neva Zatrovsky (Rehvot). The cell lines were maintained in DMEM. Antibodies were p53C-ter anti-p53 pAb421 (nonconformational), anti-p53 pAb1620 (WT conformation), and anti-p53 pAb240 (Mt conformation) (Calbiochem). All transfections were carried out using Effectene transfection reagent (Qiagen) according to the manufacturer's instructions.
Electron Paramagnetic Resonance (EPR) Oximetry-Lithium octa-n-butoxy 2,3-naphthalocyanine microcrystals were used for tissue oxygen measurements. Ten-microgram microcrystals were resuspended in 500 l of DMEM. Twenty-five microliters of this suspension were added to 5 ϫ 10 5 cells for each 100-l injection. Oxygen measurements were performed immediately, weekly, and upon sacrifice using in vivo EPR oximetry. Measurements of tumor oxygenation were performed using an L-band in vivo EPR spectrometer (L-band; Magnettech). Mice were placed in a right, lateral position with their tumor close to the surface coil resonator. EPR spectra were acquired as single 30-s scans. The instrument settings were as follows: incident microwave power, 4 mW; modulation amplitude, 180 mG; modulation frequency, 100 kHz; receiver time constant, 0.2 s. The peak-to-peak width of the EPR spectrum was used to calculate pO 2 using a standard calibration curve.
Live Cell Imaging-For live cell imaging, p53-CFP H1299 cells were plated on a glass-bottom dish with a coverslip (MatTek). The dish was placed either on an inverted microscope (Ti-E; Nikon) or on a confocal microscope (FV-1000; Olympus). Both microscopes featured a culture system (Tokai Hit) at 37°C under 5% CO 2 , and 1.8% hypoxia was maintained using Ibidi gas incubation systems (GmbH, Germany). Wide field fluorescence images were captured using a Ti-E under the operation of NIS Elements version 3.0 (Nikon) with a PlanApo VC ϫ100 (NA ϭ 1.4) oil-immersion objective lens equipped with an electron multiplying charge-coupled device (iXonϩ; Andor; normal mode; gain ϫ5.1) with filter sets for CFP; the exposure period was set to 100 -1000 ms. A 75-W xenon lamp was used as a light source. Fluorescence intensity was measured using Metamorph version 7.5 (Molecular Devices) and plotted using Origin version 7 (OriginLab).
MRI Analysis-The imaging was performed using a Bruker Biospin 94/30 magnet (Bruker Biospin, Karlsruhe Germany). The animals were anesthetized with 2% isoflurane mixed with 1 liter/min carbogen (95% oxygen/5% carbon dioxide mixture). Anesthesia was maintained using 1-1.5% isoflurane. Respiration measurements were monitored during image acquisition using a small animal monitoring system (model 1025, Small Animal Instruments, Inc.; Stony Brook, NY). Body temperature was monitored using a rectal thermometer and maintained using water-heated bedding. Anatomic images were collected with following parameters: TR ϭ 1200 ms, TE ϭ 7.5 ms, TE ϭ 12 ms, rare factor ϭ 4, navgs ϭ 4 for T1-weighted images; TR ϭ 3500 ms, TE ϭ 36 ms, rare factor ϭ 8, navgs ϭ 4, for T2-weighted. The acquisition parameters for both the T1-and T2-weighted multislice scans were as follows: FOV ϭ 20 mm ϫ 20 mm, slice thickness ϭ 1.0 mm, matrix size ϭ 256 ϫ 256 pixels.
For additional procedures, see supplemental Materials and Methods.
RESULTS

WT p53 Exists as Mutant Conformation in Hypoxic Tumors-
The oxygen concentration varies in solid tumors, and the conformational status of p53 under low oxygen density in the core of solid tumors is unknown. To probe whether the p53 conformation is oxygen-dependent we first determined the oxygen tension in MCF-7 tumor (p53 ϩ/ϩ ) xenografts (Ͼ1.4 cm 3 ) by noninvasive (spectral-spatial) in vivo EPR oximetry three-dimensional imaging (Fig. 1a) . Using lithium octa-n-butoxy 2,3-naphthalocyanine as the probe (17), oxygen measurements were performed weekly. Measurements of tumor oxygenation were performed using an L-band in vivo EPR spectrometer (L-band). EPR spectra were acquired as single 30-s scans. The value of the pO 2 in the tissue was found to be 1.8% from a standard curve of the EPR line width versus the oxygen concentration; the mean oxygen concentration levels of 1.3% are common in vascular tumors and are considered hypoxic (18) . In hypoxic tumor core tissue (CT) the level of p53 protein was 6-fold (Fig. 1b) , and RNA was 10-fold (supplemental Fig. S1 ) higher, respectively, when it was compared with peripheral tissue (PT). p53 was exclusively present as a conformational mutant in the CT, and the level of WT p53 was very low. The p53 conformation was analyzed by immunoprecipitation (IP) using p53 conformational antibodies (pAb1620, WT; pAb240, Mt) (Fig. 1b) . The total p53 was detected by p53-Cter antibody pAb421. The function of p53 correlates with its WT conformation, specifically recognized by antibodies pAb1620, and many cancer-associated mutations cause loss of this conformation thus failing to bind denatured p53 (19) . pAb1620 recognizes residues Arg 156 , Leu 206 , Arg 209 , and Gln/Asn 210 . pAb240 defines a novel, highly conserved, denaturation-resistant epitope on p53; it binds to p53 in the Mt conformation and also to denatured p53. Different p53 mutants react more strongly with pAb240 than with pAb1620 (20) . Both antibody epitopes are far from the p53 interface with DNA, but near the epitope of the Mt conformation antibody pAb240. The results suggest that the observed conformation change in hypoxic core may be linked to low oxygen.
p53 Conformation Is Oxygen-dependent-To validate this finding in cells, p53-CFP H1299 stable cells were subjected to physiological hypoxia (1.8% O 2 , 0 -72 h), and p53 conformation was analyzed by in vivo ELISA. In early hypoxia (6 -12 h), p53 (1620) WT conformation was at the highest, and at 72 h it was at the lowest level (Mt:WT, 5:1) which suggests that p53 conformation is linked to cellular oxygen concentration (Fig. 1c) . The decrease in Mt (240) conformation and rise in WT (1620) conformation at 12 h may be due to stabilization of p53 in early hypoxia. It is established that in early hypoxic shock WT p53 gets stabilized (3, 21 ). However, the combined level of 1620 and 240 forms remains same all the time, similar to that of total p53 level at 0 h under normoxia (Fig. 1c) . After 12 h, as the cell perceives the hypoxic stress to be continuous, WT p53 then gradually switches to Mt p53 over 72 h. To further reaffirm this finding, in parallel, we utilized stable p53-CFP H1299 cells and monitored the p53 conformation through measuring the CFP fluorescence intensity both by flow cytometry and live cell imaging (Fig. 1, e and f) . We rationalized that CFP fluorescence might change (Fig. 1d) if WT p53 undergoes conformational change, probably, in the DNA-binding domain under low oxygen (22) . Approximately 95% of the malignant mutations occur in the p53 DNA-binding domain thus causing p53 conformational change; invariably, a conserved aggregation nucleating sequence within this domain was shown to be responsible for mutant p53 aggregation (16) . For live cell imaging, a confocal microscope (FV-1000; Olympus) featured with a culture system (Tokai Hit) at 37°C under 5% CO 2 and 1.8% hypoxia was maintained using Ibidi gas incubation systems. Fluorescence intensity was measured using Metamorph version 7.5 and plotted using Origin version 7. Both flow cytometry and live cell imaging analysis show that the florescence intensity of the p53-CFP chimeric protein first increases at 12-18 h (Fig. 1, e and f) , which may probably be due to early hypoxic shock (compare this with rise of the 1620 conformation, Fig. 1c) , followed by the gradual decrease in fluorescence intensity up to Ͼ90% at the end of 72 h (Fig. 1f) . Interestingly, in live cell imaging, reoxygenation at 72 h restores the florescence (78 h), which suggests that p53 conformation is reversibly oxygen-dependent.
WT p53 Functions as a Molecular Chaperone-Molecular chaperones have been shown to remodel the conformation of activators in controlling rapid reversible transcriptional response (23) and are known to enhance both p53-mediated trans-activation. They were shown to influence hormone receptor activity differentially; a GAL4-p23 construct had 35-fold inhibitory effect or GR-dependent activity and 100-fold inhibitory effect on TR-dependent activity (24) . CHIP (25), HSP90, and HSP70 (26) support p53 tumor suppressor func- tion under stress conditions. As intrinsically disordered p53 N-terminal domain (NTD ) stabilizes WT p53 under stress we earlier had proposed that it might possess a self-chaperoning role as an uncleaved molecule (27) . To prove this hypothesis, we first performed an in vivo GAL4-chaperone assay in H1299 (p53 Ϫ/Ϫ ) cells (Fig. 2a and supplemental Figs. S2 and S3) utilizing p53 cDNA and GAL4BD-p21 5Ј-DBS-luciferase constructs (p21 5ЈDBS). The above constructs were transiently cotransfected with p53-GAL4 or NTD 1-125 -GAL4 cDNA. Both chimeric constructs increase luciferase activity by 6-fold when NTD domain is kept free (Fig. 2b , right, fifth and third lanes), suggesting that WT p53 possesses autochaperone activity that is responsible for enhancing DNA binding conformation of p53. However, the chaperone activities of both NTD 1-125 and p53 were equally suppressed when the NTD 1-125 domain was restrained (Fig. 2b, right, sixth and fourth lanes) which suggests that the chaperone function of p53 is linked to its intrinsically disordered character. Surprisingly, the chaperone activity of WT p53 or NTD 1-125 is higher than HSP90 and CHIP, two known chaperones for WT p53 (Fig. 2b, left, third and fifth  lanes) . In a control experiment, the chaperone activity of various GAL4 chaperones is shown to be in the following order: HSP90 Ͼ HSP70 Ͼ CHIP Ͼ p23 Ͼ PIN1 Ͼ BP1 (Fig. 2b) . To check whether WT p53 chaperoning results in activation of p53 promoter we utilized chimeric constructs of p53 minimal promoter (ϩ1 to Ϫ419), or its DBS I, II, and III, fused to GAL4BD, and subjected them to co-transfection with NTD 1-125 -GAL4 or p53-GAL4 cDNA (supplemental Fig. S4 ). WT p53 functions as a molecular chaperone. a, model explains the design for in vivo chaperone assay, which shows various GAL4-Ch and p53-DBS-luciferase constructs (right) b, in the luciferase assay, GAL4BD-p21 5Ј-p53-DBS was co-transfected with WT p53 cDNA and GAL4-(NTD ), p53, HSP90, HSP70, CHIP, p23, PIN1, BP1 constructs in H1299 cells and luciferase activity was measured, in H1299 cells. The luciferase activity induced by GAL4BD-p21 5Ј-p53-DBS and p53 cDNA (right) (second lane) was taken as base line. In control, HSP90, HSP70, CHIP, p23, and PIN1 were able to chaperone p53 bound to the p21 5Ј site and increase the luciferase activity (p53 inhibitor BP1; negative control). GAL4BD-p21 5Ј-p53-DBS was then co-transfected with p53-GAL4 or NTD 1-125 -GAL4 (free NTD) or with GAL4-p53 or GAL4-NTD 1-125 (NTD constrained); results show that NTD 1-125 -GAL4 (second lane) and p53-GAL4 (fifth lane) chaperoned p53 anchored upon p21 5Ј-p53-DBS, whereas GAL4-NTD (fourth lane) and GAL4-p53 (sixth lane) failed (n ϭ 10, S.D. (error bars), ANOVA). Chaperone activity of p53-GAL4 was higher than HSP90. c, ChIP was performed on the GAL4-p21 5Ј-p53-DBS luciferase vector using pAb421 (p53-Cter), pAb1620 (WT), and pAb240 (Mt) in H1299 (ϩWT-p53 cDNA), hypoxic MCF-7, and DU-145 cells. ChIP shows that both mutant and wild-type p53 were present in equal ratio on p21 5Ј-p53-DBS in H1299 cells (ϩwt-p53 cDNA) (top row, lanes 4 and 5); in hypoxic MCF-7 and normoxic DU-145 cells (Input, GAL4 Ab ChIP; positive controls) p53 exclusively present in mutant (240) conformation (lane 5). Addition of HSP90-GAL4, CHIP-GAL4, NTD 1-125 -GAL4, and p53-GAL4 increased p53-1620 conformation considerably upon promoter (lanes 8, 11, 14, and 17) . d, results were repeated using real-time ChIP (n ϭ 8, S.D., ANOVA).
The promoter activity of the p53 minimal promoter is comparable with the 2.5-kb full-length promoter (supplemental Fig.  S5, second and fourth lanes) . Both NTD 1-125 -GAL4 and p53-GAL4 increased luciferase activity by 2-fold (supplemental Fig.  S5 , seventh and eighth lanes) via selective activation of p53 by WT p53 upon DBS II (supplemental Fig. S5, 14th and 15th  lanes) , thus confirming p53 autochaperoning.
To exclude the possibility that p53-GAL4 does not compete with p53 in selecting p21 5Ј-DBS, competitive chromatin immunoprecipitation assay (ChIP) was conducted; as was expected, p53-GAL4 preferentially selects GAL4-BD site and not vice versa upon p53 promoter (supplemental Fig. S6 ). To analyze whether autochaperoning occurs after p53-GAL4 or NTD 1-125 -GAL4 anchor upon GAL4-BDp21 5ЈDBS (supplemental Fig. S2 ), in enhancing DNA-binding conformation of p53 (1620), a transient ChIP assay (28) was done utilizing pAb1620 and pAb240, in H1299 (p53 Ϫ/Ϫ ), hypoxic MCF-7
(p53 ϩ/ϩ ), and normoxic DU-145 (p53WT/Mt) cells. In control H1299 cells, the transfection of p53 cDNA shows that the ratio of WT to Mt (1620:240) upon p21 5Ј-DBS is 1:1 (Fig. 2c, top row, lanes  4 and 5) ; transfection of p53-GAL4 or NTD -GAL4 resulted in increase in wild-type (Fig. 2c, top row, lanes 11 and 14) and decrease in mutant conformation upon p21 5Ј-DBS (Fig. 2c, top  row, lanes 12 and 15) . However, in hypoxic MCF-7 and normoxic DU-145 cells, p53 upon p21 5Ј-DBS was exclusively present in the mutant conformation (240) (Fig. 2c, middle and bottom rows, lane  4) . p53-GAL4 and NTD -GAL4 rescue Mt p53 and stabilized WT p53 (Fig. 2c, middle and bottom rows, lanes 11 and 14) significantly upon p21 5Ј-DBS, establishing that p53 rescues mutant p53 at the transcription level. HSP90-GAL4 and CHIP-GAL4 are used as controls and they both rescue p53 mutants (Fig. 2c) . Real-time transient ChIP analysis (Fig. 2d and supplemental Fig. S7 ) confirms that in hypoxic MCF-7 and normoxic DU-145 cells mutant p53 is rescued by wild-type p53. , and CHIP; pAb421 (p53-C-ter) (black), pAb1620 (WT) (green) and pAb240 (Mt) (red). Cisplatin failed to induce change in p53 conformation. b-d, p53, NTD , and CHIP increased the 1620 conformation by 2-2.50 (n ϭ 11, S.D. (error bars), ANOVA). e, IP with pAb1620 (a) and pAb240 (b) of MCF-7 cells shows that 1620 level is maintained. In hypoxic MCF7 cells (0 -72 h), 1620 level declined and was absent at 72 h; only 240 form was present. Addition of CHIP, NTD , and p53 increases 1620 conformation (black arrow) under hypoxia (Mdm2 negative control) (n ϭ 8). f, IP of normoxic A-431 (p53 R273H , mutant cancer cell line), DU-145 (heterozygous, p53WT/Mt (p53 P223L/V274F ), and WRO (homozygous, Mt/Mt) cells with pAb1620 and pAb240 show absence of 1620. Addition of CHIP, NTD , and WT p53 cDNA (5 g of DNA) induced conversion of 240 form to 1620 form conformation both in WRO and DU-145 cells (n ϭ 8).
WT p53 Rescues Mt p53 in Cancer Cells-To establish whether WT p53 can rescue conformational Mt p53, MCF-7 cells were subjected to hypoxia, and p53 conformation was analyzed by in vivo ELISA. Both p53 and NTD rescued Mt p53, thus stabilizing WT p53 by Ͼ2-fold (Fig. 3, c and d) whereas cisplatin fails to rescue Mt p53 (Fig. 3a, compare Fig. 1c) . Fur- 3 ) were treated with molecular chaperones (CHIP, NTD , and WT p53) (n ϭ 7, each group). Core tissue of control and treated mice were excised to study p53 conformational status. In pretreatment tumors, p53 exclusively exists in 240 conformation. Cisplatin has no effect upon p53 conformation. WT p53, NTD , and CHIP induced a significant increase in 1620 conformation. c, in vivo ELISA was conducted to validate IP result. d and e, MCF-7 tumors were treated with cisplatin and molecular chaperones (CHIP, NTD , and WT p53), and MRI was conducted to study tumor volume in pre-and post-treatment (48 h) groups. Cisplatin did not affect the tumor volume whereas transfection of p53 resulted in regression of tumor (64%); CHIP and NTD showed regression by 37 and 29%, respectively.
Wild-type p53 Rescues Mutant p53
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ther, IP utilizing conformational antibodies pAb1620 and pAb240 shows that WT p53 and NTD rescued Mt p53 at 72 h of hypoxic exposure (Fig. 3e) . The level of WT p53 (1620) started declining gradually (compare with Fig. 1c ) and was not detected at 72 h. Transfection of p53 or NTD cDNA resulted in restoration of WT p53 (1620); its level was comparable with normoxic cells. To check whether p53 and NTD can rescue structural p53 mutants, A-431 (p53 R273H ) (29) , WRO (p53 WT/Mt), and DU145 (p53 Mt/Mt) cells were selected in which p53 is present as mutants (Fig. 3f) . WRO is a homozygous, p53 Mt cell line (30) that has a mutation at codon 223 (p53 P223L ). However, DU145 is a heterozygous human prostate carcinoma cell line that harbors a temperature-sensitive allele of p53 (p53 P223L/V274F ) (31) . Transfection of p53 cDNA resulted in rescue of Mt p53 in these cell types. The level of p53 (1620) (after transfection with p53 cDNA) was higher when it was compared with the transfection result of NTD and CHIP cDNA which could be due to the exogenous p53 expression level. The dominant negative inactivation of WT p53 results from tetramerization that is caused by mixed incorporation of wild-type and mutant DNA-binding domains into a single tetramer (32, 33) and due to nucleation that is greatly enhanced by the tetramerization domain. We suggest that in a role reversal model, the observed rescue of Mt p53 by p53 chaperoning is interesting and it may well a "reverse" nucleation process (16) due to intermolecular interaction of NTD with the tetramerization domain (16) .
p53 Chaperone Therapy Causes Regression of Hypoxic Tumors-As small molecules are shown to restore Mt p53 in to WT p53 in triggering apoptosis (14, 34, 35) , we then measured p53-or NTD -mediated cellular apoptosis in hypoxic MCF-7 cells by annexin-V staining; p53-and NTD 1-125 -treated cells increased apoptosis by Ͼ2.5-fold (Fig. 4a) . The expression of the p53 downstream genes was then analyzed in hypoxic MCF-7 cells transfected with p53cDNA (supplemental Fig. S8 ). The real-time PCR analysis shows significant increase in the expression of 88 p53 downstream genes involved in p53 signaling in hypoxic MCF-7 cells. The therapeutic potential of this finding was further realized by inducing p53-mediated MCF-7 tumor regression in mice followed by analysis with MRI (Fig.  4a) . In MCF-7 tumor xenografts, p53/NTD 1-125 /CHIP cDNA were transfected in to the core region of MCF-7 tumors through PEG liposome-based in vivo transfection reagent (Altogen Biosystems), and the MRI was performed using a Bruker Biospin 94/30 magnet (Bruker Biospin). Anatomic images were collected with following parameters: TR ϭ 1200 ms, TE ϭ 7.5 ms, TE ϭ 12 ms, rare factor ϭ 4, navgs ϭ 4 for T1-weighted images; TR ϭ 3500 ms, TE ϭ 36 ms, rare factor ϭ 8, navgs ϭ 4, for T2-weighted. The acquisition parameters for both the T1-and T2-weighted multislice scans were as follows: FOV ϭ 20 mm x 20 mm, slice thickness ϭ 1.0 mm, matrix size ϭ 256 ϫ 256 pixels. In vivo transfection of p53 or NTD cDNA in to the core of MCF-7 tumors results in significant reduction in tumor volume at 48 h by 64 and 29%, respectively (Fig. 4, d and e) ; CHIP, a known chaperone of p53, reduced tumor volume by 37%. Further, in an excised tumor, p53 is present exclusively in mutant conformation (Fig. 4, b and c) ; convincingly, a post-treatment excised tumor shows effective restoration of pAb1620 conformation (Fig. 4, b and c) .
DISCUSSION
A number of clinical trials have been shown to restore expression of wild-type p53 in tumor cells in patients with varieties of advanced cancer including Li-Fraumeni syndrome embryonal carcinoma with adenoviral vectors, in the absence of significant toxicity (10, 11) . Although research on mutant p53 is entering the clinical and translational era, the detailed functions of p53 in normal cells, and even more so in cancer cells, remain obscure (30, 31) . In a role reversal, the new function of WT p53 as a molecular chaperone in rescuing its mutant in hypoxic tumors thus explains the molecular mechanism of p53-dependent apoptosis and tumor regression. Our data thus establish that wild-type p53-mediated tumor regression is conclusively linked to the role of WT p53 as a molecular chaperone which will introduce a new dimension to the existing array of cancer therapeutics. Although the chaperone (Fig. 2b) and apoptotic potential of WT p53 (Fig. 4a) are comparable with those of NTD , the tumor regression potential of NTD (Fig.  4, d and e) is about half of WT p53, which suggests that additional in vivo p53-bound modulating factors may also be involved in tumor regression. The NTD might also bind to the p53 C-terminal domain in inhibiting p53 function (36) . Because both structural and conformational p53 mutants are linked to chemoresistance in varieties of tumors, p53 chaperone therapy will introduce a new dimension to the existing array of cancer therapeutics. The novel role of WT p53 as a molecular chaperone in rescuing its mutants in hypoxia and in regression of hypoxic tumor raises a question of whether p53 self-rescue may exist as a cellular event to reverse the oncogenic activities of Mt p53 in cancer cell; the self-rescue mode may exist as a natural but simultaneous phenomenon in cell that could be linked to the response of the cell to the environment. Future strategy will address whether p53 chaperoning of yet other unidentified substrates may be involved in cancer progression.
